PATIENTS AT RISK
Common risk factors for drug-induced nephrotoxicity are underlying kidney disease, age older than 60 years, diabetes mellitus, heart disease, intravascular volume depletion, and multiple nephrotoxic drugs. The risk of acute kidney failure increases with each additional risk factor (4) . Although many patient-specifi c risk factors are outside of the physicians' control, there are some steps that can be taken to decrease the risk of drug-induced nephrotoxicity.
PREVENTION OF DRUG-INDUCED NEPHROTOXICITY
General preventative steps include: obtain baseline kidney function, decrease number of concomitant nephrotoxic drugs, ensure the patient is adequately hydrated, and adjust drug dose in patients with an underlying chronic kidney disease state. Obtaining a complete list of the patient's medications is paramount. Dehydration should be addressed prior to initiating therapy with a potential nephrotoxic drug and through the course of treatment (4).
NONSTEROIDAL ANTI-INFLAMMATORY DRUGS (NSAIDS)
NSAIDs are a diverse category of drugs and more than 20 drugs fall under this category. Over 111 million prescriptions are written for NSAIDs in the US annually and they account for approximately 60% of over-the-counter analgesics (5) . The common mechanism of these drugs is the ability to decrease prostaglandin synthesis by inhibiting cyclooxygenase. NSAIDs are used commonly for analgesia, antipyretic and in large doses for anti-infl ammatory purposes (5) (6) (7) (8) .
The function of prostaglandins in the kidney is to cause vasodilation. In hypovolemic states and in the setting of hypotension prostaglandin, synthesis is increased to maintain renal perfusion to minimize ischemia. This process is inhibited with NSAID use (7, 8) .
The "triple whammy effect" is a combination of NSAIDs, angiotensin-converting enzyme (ACE) inhibitors and diuretics leading to renal impairment. As discussed previously NSAID use can impair the kidneys' ability to maintain efferent arteriole tone. ACE inhibitors can cause dilation of the efferent arteriole. These two mechanisms cause a decrease in glomerular fi ltration pressure, which is exacerbated further by diuretics, which reduce plasma volume leading to further decrease in real blood fl ow. The combination of these three drug classes impair the kidney's ability to respond to hypotension. This triad of drugs has been associated with greater than 30% increase in acute kidney injury. The risk is greatest at the start of treatment. NSAIDs should be used with extreme caution in combination with ACE inhibitors and diuretics (7, 8) .
General prevention strategies include using the minimum effective dose of NSAIDs, decreasing the course of treatment, and avoiding usage of NSAIDs in patients taking ACE inhibitors, diuretics and those with an underlying chronic kidney disease. Alternative analgesic medications include acetaminophen, tramadol, and opioids (6) (7) (8) .
ANTIBIOTICS
Antibiotic associated nephrotoxicity has been traditionally associated with aminoglycosides and vancomycin. Other classes of antibiotics implicated in nephrotoxicity include beta-lactams, sulfonamides, and fl uoroquinolones (4). The focus of this article is vancomycin and trimethoprim/ sulfamethoxazole (TMP/SMX).
Vancomycin is the fi rst line treatment for methicillin resistant Staphylococcus aureus (MRSA) infections in hospitalized patients. Vancomycin has been implicated in nephrotoxic events since the early 1950s. Initial impurities in the manufacturing process gave it the nickname "Mississippi Mud." These impurities were likely the cause of the initially high nephrotoxicity rate. Since then the impurities have been removed and vancomycin induced nephrotoxicity ranges from 0-5% (9) . Increased rates of nephrotoxicity have been reported with increased trough levels, longer duration of treatment, and when used in combination with other nephrotoxic drugs (9, 10) . Vancomycin induced nephrotoxicity is reversible in most cases and requires short term hemodialysis in 3% of patients experiencing nephrotoxic episodes (10) .
TMP/SMX is an oral alternative to vancomycin for treatment of patients with MRSA infection. Trimethoprim has been well-documented to cause an artifi cial increase in serum creatinine without associated kidney injury (11) . An acute kidney injury caused by TMP/SMX causes an increase in both BUN and creatinine. Multiple case reports demonstrate nephrotoxicity associated with TMP/SMX, but only one study (12) demonstrates incidence and severity of acute kidney injury associated with TMP/SMX. Fraser et al reported a 5.8% incidence of nephrotoxicity secondary to TMP/SMX administration compared to a control group receiving clindamycin, which saw zero incidence of acute kidney injury. The average time for kidney injury to occur was 8 days. The kidney injury resolved in all patients and only one patient required hemodialysis. Uncontrolled diabetics in the study were three times more likely to develop an acute kidney injury. Although this is just one study demonstrating kidney injury associated with TMP/ SMX, the drug should be used with caution in patients with uncontrolled diabetes (12) .
TREATMENT
Early recognition of a kidney injury is critical. Treatment for drug-induced nephrotoxicity is the same as other forms of acute kidney injuries. The offending drug(s) need to be stopped immediately. Hemodynamic stabilization via intravenous hydration is a priority in hypovolemic states. The vast majority of these patients do not require hemodialysis and recover once proper treatment has been initiated (1-4, 7-10, 12, 13).
In conclusion, potential nephrotoxic drugs should be used with caution especially in high risk patient populations. Multiple strategies exist for decreasing the potential for nephrotoxicity including adequate hydration, decreased length of treatment with nephrotoxic drugs, and avoidance of nephrotoxic drug combinations.
